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BaCu2Si2O7: A quasi-one-dimensionalS51/2 antiferromagnetic chain system
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The antiferromagnetic~AF! compound BaCu2Si2O7 is studied by magnetic susceptibility and neutron-
scattering techniques. The observed behavior is dominated by the presence of loosely coupledS51/2 chains
with the intrachain AF exchange constantJi'24.1 meV. Long-range Ne´el ordering is observed belowTN

59.2 K. The results are discussed within the framework of the mean-field RPA model for weakly interacting
quantum spin chains.@S0163-1829~99!03433-5#
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I. INTRODUCTION

The amazing structural diversity of copper-oxide co
pounds makes these materials very useful as model sys
for fundamental studies of low-dimensional magnetism.
most cases their unique properties result from the partic
topologies of the corresponding spin networks formed
magnetic Cu21 ions. Examples of such networks are fou
in CuGeO3 ~linear chain: spin-Peierls!,1 CaCuGe2O6 ~iso-
lated dimer!,2,3 BaCuSi2O6 ~two-dimensional bilayer!,4

Sr2CuO3 ~rigid linear chain!,5 SrCu2O3 ~two-leg ladder!,6

and SrCuO2 ~edge-shared double linear chain!,7 etc. Mag-
netic interactions in all these systems are determined by
microscopic spatial coordination of Cu21 and O22.8 The so-
called corner-sharing (/Cu-O-Cu'180°) and edge-sharin
(/Cu-O-Cu'90°) configurations have been extensive
studied. A far richer spectrum of properties is expected fr
systems with intermediate bond angles, and the search
realizations of such coupling geometries has become im
tant.

The rather poorly studied BaCu2Si2O7 is a good example
of a zigzag chain network of corner-sharing CuO4 plaquettes
~Fig. 1! with intermediate values of/Cu-O-Cu bond angles
124°. The crystal structure is orthorhombic, space gro
Pnma, with the cell constants beinga56.862(2) Å, b
513.178(1) Å, andc56.897(1) Å.9 The spin chains run
along thec crystallographic axis. In the present paper w
report magnetic susceptibility measurements and inela
neutron-scattering experiments on this material. We find i
be an excellent model of weakly coupled quantumS51/2
chains, exhibiting a crossover from one-dimensional~1D!
behavior at high temperatures to 3D behavior and long-ra
antiferromagnetic~AF! ~Néel! order at low temperatures. A
anticipated for a system with intermediate values of bo
angles, the magnetic properties are extremely sensitiv
PRB 600163-1829/99/60~9!/6601~7!/$15.00
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slight modifications in atomic positions. This is demo
strated by preliminary susceptibility results for BaCu2Ge2O7,
which, unlike the isomorphous BaCu2Si2O7, orders in a
weak-ferromagnetic structure with a small net magnetizati

II. EXPERIMENTAL

Polycrystalline samples of BaCu2Si2O7 ~or BaCu2Ge2O7)
were prepared by conventional solid-state reaction meth
using BaCO3, SiO2 ~or GeO2), and CuO as starting mater
als. The polycrystalline rods were crushed to fine powder
neutron powder diffraction studies. Single crystals we
grown using the floating-zone technique from a sinte
polycrystalline rod. In inelastic neutron-scattering expe
ments we utilized an as-grown single-crystal r
(5 mm diameter3 10 mm long). A small fragment cut to a
3-mm3 cube was used in single-crystal susceptibility me
surement.

FIG. 1. A schematic view of the crystal structure
BaCu2Si2O7. Chains of corner-sharing CuO4 plaquettes run along
the c crystallographic axis and are supported by a network of S4

tetrahedra.
6601 ©1999 The American Physical Society



a
vic

x
to

e
am
om

n

en
d

pe
tu

tib

s
o

o
p
re

a

to
lo

er
. A
e

tib
re
ve

tie
el
in

p-
i

e
n

5

.5 K
ent.

ure
-
e
d at
etic
ig-
all
re-

of

nset

6602 PRB 60I. TSUKADA et al.
All magnetic susceptibility experiments were done with
commercial superconducting quantum interference de
magnetometer (x-MAG7, Conductus Co., Ltd.! in the tem-
perature range of 2–300 K. Neutron powder diffraction e
periments were carried out at the 400 cells CRG diffrac
meter D1B at Institut Laue Langevin~Grenoble, France!.
Single-crystal neutron-scattering studies were perform
with the ISSP-PONTA triple-axis spectrometer at 5G be
hole at the Japan Research Reactor 3M at the Japan At
Energy Research Institute~Tokai, Japan!. Pyrolytic graphite
PG~002! reflections were used in the monochromator a
analyzer. The collimation setup was 608-808-408-808, with a
PG filter positioned after the sample. The final neutron
ergy was fixed atEf514.7 meV. The sample was mounte
in a standard ‘‘ILL Orange’’ cryostat with the (0,k,l )
reciprocal-space plane in the scattering plane of the s
trometer, and the data were collected in the tempera
range 2–15 K.

III. RESULTS

A. Magnetic susceptibility

The temperature dependences of dc magnetic suscep
ity measured underH510 kOe in BaCu2Si2O7 and
BaCu2Ge2O7 are shown in Fig. 2~a!. The experimental curve
for BaCu2Si2O7 shows a sharp peak around 9 K and a broad
maximum around 150 K. The BaCu2Si2O7 data were fit to
the theoretical Bonner-Fisher~BF! curve for a one-
dimensionalS51/2 quantum antiferromagnet10 ~solid lines!.
A Heisenberg exchange constantJ'280 K ~24.1 meV! was
obtained from this analysis.11 Note that the BF fit become
rather poor in the low-temperature region, suggesting the
set of three-dimensional spin correlations in this regime.

To identify the low-temperature ordered structure
BaCu2Si2O7 below 9.2 K, the anisotropy of magnetic susce
tibility was studied in a single-crystal sample. The measu
temperature dependences are shown in Fig. 2~b!. Signs of
long-range Ne´el ordering are clearly seen. Below 9.2 K
substantial drop is observed inxc , while both xa and xb
change little from 9.2 K down to 2 K. This clearly points
the presence of antiferromagnetic long-range order be
TN59.2 K with crystallographicc axis being the magnetic
easy axis of the system. Note that atT˜0 xc retains a
substantial nonzero value, suggesting a reduction of ord
moment, presumably due to the 1D nature of the system
expected, the one-dimensional character of paramagn
phase is observed in single crystals as well. The suscep
ity shows broad maxima around 180 K along all the th
crystallographic directions. Fitting these data to a BF cur
and assuming an anisotropicg factor, we obtainga52.5 and
gb5gc52.2.

For BaCu2Ge2O7 a BF analysis@dashed line in Fig. 2~a!#
of the high-T part of the experimentalx(T) curve yieldsJ
'540 K ~46.5 meV!, i.e., much larger than for BaCu2Si2O7.
In the low-temperature region the magnetic susceptibili
of the two isomorphous compounds become qualitativ
different. The drastic increase of magnetization
BaCu2Ge2O7 observed below 8.5 K is attributed to the a
pearance of uniform spontaneous magnetization. This
crease is particularly well seen in the low-field measurem
@Fig. 2~a!, inset#. The saturation value of magnetizatio
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('631022 emu/g! is orders of magnitude less than 22.1
emu/g, that one would obtain if all the Cu21 spins were
aligned ferromagnetically. The clear dominance ofc-axis an-
tiferromagnetism in the paramagnetic phase of BaCu2Ge2O7
suggests that the spontaneous uniform moment below 8
is a result of a canted weak-ferromagnetic spin arrangem

B. Neutron diffraction

As a first step towards determining the magnetic struct
of BaCu2Si2O7 we performed neutron powder diffraction ex
periments at 2 and 15 K, i.e., above and below the N´el
temperature. Subtraction of the powder scan data collecte
these two temperatures did not reveal any sign of magn
Bragg reflections. This failure to observe any magnetic s
nal in the powder experiment can be attributed to a sm
value of ordered moment and the fact that all magnetic
flections appear on top of strong nuclear peaks~see below!,

FIG. 2. ~a! Magnetic susceptibility of polycrystalline samples
BaCu2Ge2O7 and BaCu2Si2O7 measured atH510 kOe. Solid and
dotted lines are fits to the theoretical Bonner-Fisher curve. The i
shows an evolution of magnetization in BaCu2Ge2O7, measured in a
weak magnetic field of 100 Oe.~b! Magnetic susceptibility of
single-crystal BaCu2Si2O7 measured inH51 kOe magnetic field
applied along the principal axes. Solid and dotted lines are as in~a!.
The inset shows magnified curves aroundTN .



n
o
c
-

l
k.

c

re
lin
r-
in

co
fo
on

i
in
tw

eV
for-
as

ce

-
t
pin

to
gap

h
s
rro-
low
ou-
uc-

of

pic

or-

rin
-

th

PRB 60 6603BaCu2Si2O7: A QUASI-ONE-DIMENSIONAL S51/2 . . .
not surprising for a structure with eight magnetic Cu21 ions
per unit cell, and are thus very difficult to detect.

Even in the subsequent single-crystal experiment, o
limited information on the magnetic structure of AF phase
BaCu2Si2O7 could be obtained. Only one magnetic refle
tion, namely~011!, could be reliably measured at low tem
peratures. The~011! nuclear reflection is allowed by crysta
symmetry, but its intensity is fortunately relatively wea
The inset~a! in Fig. 3 shows rocking curves of the~011!
Bragg peak measured above~open circles! and below~solid
circles! the magnetic transition temperature. The differen
between these two scans is shown in the inset~b! of Fig. 3.
The measured peak intensity is plotted against temperatu
the main panel of Fig. 3. The observed increase upon coo
throughTN59.2 K is attributed to long-range magnetic o
dering. Intensities of several other Bragg peaks, includ
~031!, ~013!, ~051!, ~071!, ~053!, and ~035! were also mea-
sured as functions of temperature. However, the nuclear
tribution to these reflections is much larger than that
~011!, and no intensity increase could be observed bey
the experimental error bars upon cooling throughTN .

C. Inelastic scattering

Inelastic neutron-scattering studies of spin excitations
BaCu2Si2O7 were also performed. The rather steep sp
wave dispersion along the chain axis was measured in

constant-E scans near the 1D AF zone centerQW 5(0,
21.5,l ), at energy transfers\v510 meV @Fig. 4~a!# and

FIG. 3. Inset:~a! Elasticu22u neutron scans through the~011!
Bragg reflection collected above and below the magnetic orde
temperature in BaCu2Si2O7. ~b! The corresponding magnetic con
tribution obtained by subtracting the data shown in~a!. Main panel:
measured temperature dependence of the~011! peak intensity. Be-
low TN59.2 K the magnetic Bragg peak emerges on top of
~011! nuclear reflection.
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QW 5(0,0,l ) at \v55 meV @Fig. 4~b!#. Both data sets were
collected atT52 K, and transverse wave vectork was cho-
sen to optimize focusing conditions. Even in the 10-m
scan the two spin-wave branches are barely resolved. Un
tunately, for higher energy transfers the magnetic signal w
too weak to be measured in the present experiment.

The spin-wave dispersion along theb axis was measured
at T52 K in constant-Q scans at three reciprocal-spa

points at the bottom of longitudinal dispersion~Fig. 5!: QW

5(0,0,1),QW 5(0,0.5,1), andQW 5(0,1.1,1). Clearly the trans
verse bandwidth ('1 meV! is very small compared to tha
along the chain axis, which confirms the 1D character of s
correlations in BaCu2Si2O7. Even in the vicinity of the 3D
magnetic zone center~011! the excitation energy appears
extrapolate to a nonzero value, i.e., the spectrum has a
D (011)'1.5 meV.

IV. DISCUSSION

All our experimental results point to that bot
BaCu2Si2O7 and BaCu2Ge2O7 should be considered a
quasi-1D systems, dominated by strong intrachain antife
magnetic exchange interactions. Long-range ordering at
temperatures occurs owing to a much weaker interchain c
pling. The subtleties of the low-temperature magnetic str
tures and magnetic anisotropy, as well as the variations
the intrachain coupling constantJ in the two systems are
expected to be related to the details of the microsco
atomic arrangement.

A. Microscopic structure and magnetic interactions

Rather remarkable is the drastic~a factor of 2! difference
in the intrachain AF exchange constants of the two isom

g

e

FIG. 4. Constant-energy scan measured atT52 K in
BaCu2Si2O7, for energy transfers~a! \v510 meV along the~0,
21.5, l! direction, and~b! \v55 meV along the~0, 0, l! direction.
Solid lines are theoretical fits as described in the text.
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6604 PRB 60I. TSUKADA et al.
phous systems BaCu2Si2O7 and BaCu2Ge2O7. The AF spin
chains in these species are formed by corner-sharing C4
plaquettes, and the main contribution to AF interactions
expected to be the standard superexchange mechanism
volving the shared O sites. A single chain is visualized
Fig. 6~a!. Only the Cu sites and the shared oxygen sites
shown. The Cu21 ions are almost perfectly lined up. How
ever, the Cu-O-Cu bond angle is substantially smaller t

FIG. 5. Constant-Q scans measured in BaCu2Si2O7 at T52 K.
~a! Q5(0,0,1), ~b! Q5(0,0.5,1), and~c! 5(0,1.1,1). Solid lines
are single-mode approximation fits, as described in the text.

FIG. 6. A schematic representation of the magnetic ion arran
ment in BaCu2Si2O7. ~a! A single Cu-O chain. Cu-O-Cu bond
angles are shown explicitly.~b! Relative arrangement of individua
chains, projected onto the (ab) crystallographic plane. Interchai
interactions are characterized by two nearest-neighbor exch
constantsJx andJy .
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180°. The difference inJ is most likely due to a difference in
this crucial bonding angle: 124° in BaCu2Si2O7 and 135° in
the Ge-based system.9 Indeed we know that a larger bon
angle is more favorable for superexchange involving oxyg

Subtle structural differences between the two systems
also to be held responsible for the difference in the lowT
behavior. In addition to single-ion anisotropy that manife
itself in the anisotropy of theg factor and the gap in the
spin-wave spectrum~see discussion below!, one should also
consider the possibility of Dzyaloshinskii-Moriya~DM!
asymmetric exchange interaction. The latter is allowed
local Cu-site symmetry in BaCu2Si2O7 and BaCu2Ge2O7,
and may be responsible for the weak ferromagnetism
BaCu2Ge2O7. The correlation between the microscop
structure and magnetic properties of BaCu2Si2O7 and
BaCu2Ge2O7 is indeed a very interesting problem. Howeve
at the present stage we do not have sufficient informa
required for a more detailed discussion of this subject, a
suggest that further experiments, possibly using polari
neutron diffraction, should be performed to clarify the ma
netic structures in the ordered state.

B. Weakly coupled quantum spin chains

Ignoring for now such subtleties as magnetic anisotro
spin canting in the ordered state and the possibility of D
interaction, we shall turn to discussing what makes the t
systems really valuable for our cause, namely the 1D qu
tum antiferromagnetic aspect of their magnetic properties
the following sections we shall demonstrate that the
served behavior of BaCu2Si2O7 can be very well understood
within the framework of existing theories for weakly couple
S51/2 AF chains. Particularly useful for describing su
systems are the chain-MF~mean field!12–14 and the corre-
sponding chain-RPA ~random phase approximation!
models.14,15 These approaches were previously shown
work extremely well for a number of well-characterize
compounds~see for example Refs. 16,17, and referenc
therein!.

1. A model Hamiltonian

Before we can apply these MF-RPA theories to our p
ticular system, we have to construct a model spin Ham
tonian for BaCu2Si2O7. A slight complication arises from a
non-Bravais arrangement of magnetic ions in the crystal.
deed, the fractional cell coordinates of Cu21 are ~i! (0.25
2dx ,dy,0.751dz), ~ii ! (0.251dx ,2dy,0.251dz), ~iii !
(0.752dx,0.52dy,0.752dz), ~iv! (0.751dx,0.51dy,0.25
2dz), ~v! (0.751dx ,2dy,0.252dz), ~vi! (0.75
2dx ,dy,0.752dz), ~vii ! (0.251dx,0.51dy,0.251dz), and
~viii ! (0.252dx,0.52dy,0.751dz), where dx50.028, dy
50.004, anddz50.044. The shiftsdx and dz present few
problems, as they do not disturb the equivalence of near
neighbor Cu-Cu bonds along thea andc axes, respectively
dy , on the other hand, leads to alternating nearest-neigh
Cu-Cu distances along theb axis. At present we shall ignore
this slight alternation, assumingdy'0 and postulating
nearest-neighbor Cu-Cu bonds to be equivalent along thb
axis as well. The simplest nearest-neighbor Heisenb
Hamiltonian can then be written as

e-

ge
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Ĥ5 (
m,n,p

Sm,n,p@JxSm11,n,p1JySm,n11,p1JzSm,n,p11#.

~1!

Herem, n, andp enumerate the spinsSm,n,p along thea, b,
and c axes, respectively. As BaCu2Si2O7 is clearly a
quasi-1D antiferromagnet,Jz.0 anduJzu@uJyu,uJxu.

2. Reduction of ordered moment

One of the most important predictions of the chain-M
model is the relation between ordering temperature, ma
tude of interchain coupling, and saturation moment atT
˜0. At the MF level the actual signs of magnetic intera
tions are not important and these properties are determ
by the mean interchain coupling constantuJ'u5(uJx
u1uJyu)/2. Schulz gives the relation betweenm0 , TN , and
uJ'u:14

uJ'u5
TN

1.28Aln~5.8J/TN!
, ~2!

m0'1.017AuJ'u
J

. ~3!

In our case of BaCu2Si2O7 the susceptibility data (TN
50.793 meV andJ524.1 meV! givesm050.11mB .

To test this theoretical prediction we have to determ
the spin structure in the ordered state. Unfortunately, w
only one measured magnetic reflection we can only specu
on this. Let us consider an approximate collinear magn
state, with all spins strictly along~001!, as suggested by
x(T) measurements. The two simplest possible AF str
tures~A and B! consistent with the presence of a substan
~011! magnetic peak are shown in Figs. 7~a! and 7~b!. We
can estimate the magnitude of saturation moment that wo
be required in structures A and B to produce a~011! mag-
netic peak of measured intensity. Comparing the measu
magnetic intensity of~011! to that of two strong nuclea
reflections (020) and~022!, and making use of the know
room-temperature crystal structure,9 for the saturated mo
mentm0 of Cu21 we getm050.16mB andm050.55mB for
structures A and B, respectively. A simple calculation
nuclear and magnetic structure factors indicates that a m
netic moment as large as 0.55mB would be easily detected in
a powder experiment at~h, k, l-odd! positions. The lack of
any clear magnetic signal in our powder data suggests th
the two proposed structures only structure A can be real
in BaCu2Si2O7. For structure A the estimated ordered m
ment is in rather good agreement with the predictions of
~3!. We shall thus use structure A as a working assump
for the spin arrangement in BaCu2Si2O7. For the Hamil-
tonian~1! to stabilize this type of ground state we will hav
to assume the exchange interactions to be ferromagn
along thea axis (Jx,0), and antiferromagnetic along theb
axis (Jy.0).

3. Spin dynamics

As is well known, for anisolated antiferromagneticS
51/2 chain the dynamic structure factor can be describe
a two-spinon excitation continuum.18 To a good approxima-
tion
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S~q,v!}
1

Av22vq
2
Q~v2vq!, ~4!

wherevq is the lower bound of the continuum given by

\vq5
p

2
Jiusin~q!u, ~5!

andJi is intrachain coupling constant. This type of behav
has been seen experimentally in a number of systems
particular KCuF3 ~Refs. 16 and 19! and CuGeO3 ~Ref. 20!.
As mentioned above, spin correlations inweakly coupled
quantumS51/2 spin chains are very well described by t
chain-RPA model.14,15 As the system becomes ordered

three dimensions, the spectrum develops a mass gapD(QW ')

that depends on the transverse momentum transferQW ' . The
bandwidth of transverse dispersion is of the order ofJ' .
This is in striking contrast with classical spin-wave theo
where the transverse bandwidth is proportional toAJ'Ji.
The mass gap goes to zero only at the 3D magnetic z
centers, i.e., at the position of magnetic Bragg reflections
sharp single-magnon mode is the lowest-energy excita
that is split off from the lower bound of the continuum.

two-magnon continuum then starts at 2D(QW '). The disper-
sion of the magnon branch is given by

~\vQW !25
p2

4
Ji

2sin2~Qi!1D2~QW '!. ~6!

FIG. 7. Two simple collinear magnetic structures consist
with the available data on BaCu2Si2O7, with ferromagnetic~A! and
antiferromagnetic~B! nearest-neighbor coupling along thea axis.
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For the interchain coupling geometry of KCuF3 ~equal
nearest-neighbor ferromagnetic interactions along thea and

b axes! the expression forD(QW ') has been derived in Ref
15.

Near the bottom of 1D dispersion the single mode
proximation ~SMA! works very well14 and to a good ap-
proximation the dynamic structure factor atT50 is given by

S~QW ,v!}
1

v
d~v2vQW !. ~7!

For \v@uJxu,uJyu, on the other hand, it is more appropria
to use Eq.~4! for isolated chains.

The dynamic structure factorS(QW ,v) for the non-Bravais
spin lattice in BaCu2Si2O7 can be expressed through the d

namic structure factorS0(QW ,v) of an equivalent system with
the same exchange constants and a Bravais spin lattice.
latter is obtained by settingdx , dy , and dz to zero. It is
straightforward to show that

S~QW ,v!5cos2~2phdx!cos2~2p ldz!S0~QW ,v!

1cos2~2phdx!sin2~2p ldz!S0~QW 1$001%,v!

1sin2~2phdx!cos2~2p ldz!S0~QW 1$100%,v!

1sin2~2phdx!sin2~2p ldz!S0~QW 1$101%,v!.

~8!

Here we have definedQ5@(2p/a)h,(2p/b)k,(2p/c) l #. In
our particular casedx ,dz!1, so, for not too large momen

tum transfersS(QW ,v)'S0(QW ,v). In other words, we can
safely analyze the measured inelastic scans assuming an
alized Bravais arrangement of Cu21 sites.

We can now rewrite Eqs.~4! and~5! to match the notation
introduced above for BaCu2Si2O7:

S~QW ,v!}
1

Av22vQi

2
Q~v2vQi

!, ~9!

\vQi
5

p

2
Jzusin~p l !u. ~10!

The result for transverse dispersionD(QW ') derived for the
case of KCuF3 by Essleret al.15 can also be easily adapte
for use with the coupling geometry in BaCu2Si2O7:

~\vQW !25
p2

4
Jz

2 sin2~p l !1A2
Jy2Jx

4
@Jy2Jx1Jx cos~ph!

1Jy cos~pk!#1D2. ~11!

In this formula we introduced an empirical anisotropy gapD.
The microscopic origin of theD term may be a slight anisot
ropy of the chain-axis exchange constant~two-ion anisotro-
py!. Near the 1D AF zone center~at large wavelengths!,
however, these two types of anisotropic contributions can
be distinguished. It also has to be said that the magnitud
D cannot be independently extracted from the susceptib
measurements that are mostly influenced by yet another s
-

he

de-

ot
of
y
in-

orbit effect, namely the anisotropy of theg factor. The di-
mensionless mass gapA is given byA'6.175.14

4. Analysis of inelastic data

In analyzing theb-axis dispersion measured in constantQ
scans, we used the SMA given by Eq.~7!, convoluted with
the four-dimensional spectrometer resolution function.
we do not have any data for the dispersion along thea axis,
to reduce the number of parameters we have assumeduJxu
5uJyu5J' . The relevant adjustable parameters for the
were thusJ' , the anisotropy constantD, responsible for the
gap at (011), and an intensity prefactor. The chain-axis
change constant, only needed to take care of resolution
fects in the line shape, was fixed to 19.8 meV~see below!.
The fitting procedure givesJ'50.29(2) meV and D
51.59(4) meV. The resulting simulated scans are shown
solid lines in Fig. 5. On the other hand,J' is estimated from
the susceptibility data using Eq.~2!,14 which givesJ' 5 0.27
meV for BaCu2Si2O7, in excellent agreement with what w
find from the analysis of transverse dispersion.

For the dispersion alongc, Eq. ~9!, also convoluted with
the four-dimensional spectrometer resolution function, w
used to analyze the two measured constant-E scans. Note
that at and above 5-meV energy transfer the effect of
anisotropy gap can be neglected. Indeed, the potential en
of magnetic excitations associate with the anisotropy term
expected to add up with their kinetic energy~dispersion! in
squares, as in Eq.~11!. At 5 meV the anisotropy gap is only
a 4% effect. Reasonably good fits to the data~solid lines in
Fig. 4! were obtained with only three adjustable paramete
namelyJz , an intensity prefactor, and a flat background f
each scan. The refined valueJz519.84 meV is in agreemen
with the previous estimate based on the experimentalx(T)
curve.

V. CONCLUDING REMARKS

The purpose of this paper was to introduce BaCu2Si2O7 as
a model S51/2 quantum antiferromagnet. The particul
combination of intrachain and transverse coupling consta
make future neutron-scattering studies of this material p
ticularly promising. Indeed, BaCu2Si2O7 is abetter1D com-
pound than KCuF3 with a smaller ratio ofTN /Ji . At the
same time the interchain interactions in the silicate are s
ficiently strong to make the mass gap easily observable w
inelastic neutron-scattering techniques. The use of cold n
trons should enable an experimental study of the double g
i.e., the separation between the magnon branch and the
particle continuum. This effect in BaCu2Si2O7 is expected be
similar to the double gap found in the dimerized state
CuGeO3,21 but is caused by interchain interactions, rath
than dimerization within the chains.

When this work was in progress we became aware of
similar susceptibility data of polycrystalline samples
BaCu2Si2O7 and BaCu2Ge2O7.22 These results are consiste
with our data.
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